The clonal rat rhabdomyosarcoma cell line BA-HAN-IC was tested for its susceptibility to differentiation induction with different polar compounds. This cell line is composed of proliferating mononuclear tumour cells, some of which spontaneously fuse to form terminally differentiated postmitotic myotubelike giant cells. Exposure of BA-HAN-IC cells to dimethylsulphoxide (DMSO), hexamethylene bisacetamide (HMBA), sodium butyrate (NaBut) and N-monomethylformamide (NMF) resulted in a significant inhibition of proliferation (P<0.001) and in a simultaneous increase in differentiation. The response was most pronounced after exposure to NMF as evidenced by a marked increase in the creatine kinase activity used as a biochemical marker of differentiation (P<0.05) and the number of terminally differentiated myotube-like giant cells (P <0.001). Furthermore, about 5% of the mononuclear cells exhibited thick and thin myofilaments which were never observed in the mononuclear cells of the control. In contrast, the effects of DMSO, HMBA and NaBut were exclusively confined to a significant increase in biochemical differentiation (P<0.05), whereas no increase in morphological differentiation was observed and the number of myotube-like giant cells even significantly (P<0.001) decreased. This heterogeneous response to differentiation induction with different polar compounds probably indicates different mechanisms of action and suggests that the induction of biochemical differentiation might be independently regulated from events leading to cell fusion and terminal differentiation.
Cancer cells have not necessarily lost all the genes that control differentiation and proliferation. Thus, in many cancers at least some of the tumour cells spontaneously exhibit abortive attempts at normal differentiation (Pierce, 1974) . Furthermore, induction of differentiation has been successfully achieved in several in vitro systems (for review see Freshney, 1985) indicating that the malignant phenotype does not necessarily represent an irreversible state and that the conversion of malignant cells to a more benign phenotype through differentiation induction may become an alternative therapeutic approach (Metcalf, 1983; Spremulli & Dexter, 1984; Freshney, 1985; Sartorelli, 1985; Sachs, 1987) . We recently described the effects of retinoic acid on the differentiation and proliferation of the clonal rat rhabdomyosarcoma cell line BA-HAN-IC (Gabbert et al., 1988a) . This cell line closely imitates embryonic rhabdomyogenesis (Gerharz et al., 1988) and is composed of myogenically committed but morphologically undifferentiated mononuclear cells, some of which spontaneously fuse to form multinuclear myotube-like giant cells with ultrastructural features of rhabdomyogenic differentiation. These myotube-like giant cells were shown to have irreversibly withdrawn from the mitotic cycle representing terminally differentiated postmitotic tumour cells (Gabbert et al., 1988b) . We could further demonstrate that the protooncogenes fos and rqf are involved in the differentiation induction of BA-HAN-IC tumour cells after exposure to retinoic acid (Doehmer et al., 1989) . It is not yet known, however, whether differentiation inducers exclusively act at the nuclear site affecting protooncogene expression. Therefore, we were looking for other effective inducers of differentiation, possibly having modes of action other than those of retinoic acid. Polar compounds such as dimethylsulphoxide (DMSO) (Friend et al., 1971; Collins et al., 1978; Tarella et al., 1982; Tsao et al., 1982) , hexamethylene bisacetamide (HMBA) (Reuben et al., 1976; Ramsay et al., 1986; Mansfield et al., 1988; Snyder et al., 1988) , sodium butyrate (NaBut) (Prasad & Sinha, 1976; Dexter et al., 1981; Augeron & Laboisse, 1984; Nordenberg et al., 1987; Lee et al., 1988) , and N-monomethylformamide (NMF) (Dexter et al., 1982; Dibner et al., 1985; Cordeiro & Savarese, 1986; Iwakawa et al., 1987) have only been sporadically described (Dexter 1977; Garvin et al., 1986) . Furthermore, DMSO, HMBA and NaBut have been reported to inhibit terminal differentiation and myotube-formation in non-tumorigenic myoblast cell lines (Miranda et al., 1978; Blau & Epstein, 1979; Fiszman et al., 1980; Endo & Nadal-Ginard, 1987) . Therefore, we investigated the susceptibility of the rhabdomyosarcoma cell line BA-HAN-IC to differentiation induction with polar compounds. The availability of quite a panel of differentiation inducers differing in their chemical characteristics, mode of action and effects on biochemical and morphological aspects of differentiation should facilitate further studies on the regulatory events taking place during differentiation induction in our rhabdomyosarcoma cell line BA-HAN-I C.
Material and methods

Cells and culture
The clonal cell line BA-HAN-IC used in this study was derived in our laboratory from a dimethylbenzanthraceneinduced rhabdomyosarcoma in rat (Gerharz et al., 1988 Creatine kinase activity Twenty-five cm2 culture flasks were each seeded with 4 x 105 cells and 20 replicate culture flasks were each exposed to growth medium containing 2% (v/v) DMSO, 5 mM HMBA, 2mM NaBut or 1% (v/v) NMF, respectively. As control 20 replicate culture flasks received inocula of 4 x 105 cells each in standard growth medium. In each experiment cells from five culture flasks were harvested separately every day for 4 days. The number of cells harvested was determined with the Neubauer haemocytometer chamber. Afterwards, the cells were disrupted by sonication and the total creatine kinase activity, which was used as a biochemical marker of differentiation (Delaporte et al., 1986; Garvin et al., 1986) , was determined on an Olympus AU 5031 analyser using the CK-test (NAC activated) from Merck (Darmstadt, FRG). The basic creatine kinase activity Plating efficiency Tumour cells (10 cells and one cell per microwell, respectively) were seeded on to triplicate 96-microwell plates (Gibco Europe, FRG) containing differentiation inducing media and standard growth medium. After an incubation time of 2 weeks without refeeding, the plating efficiency was determined by counting the number of microwells with colonies and relating these numbers to the control.
Results
Assessment of differentiation
In vitro morphology After exposure to DMSO, HMBA and NaBut for 3 days, the mononuclear tumour cells of BA-HAN-I C were larger, more flattened and stellate-shaped (Figure lb ) when compared to the control (Figure la) . In contrast, the mononuclear cells were more elongated and spindle-shaped after exposure to NMF (Figure 1c ) for 3 days. Transmission electron microscopy showed that about 5% of the mononuclear tumour cells exposed to NMF exhibited irregular bundles of thin (6-8 nm in diameter) and thick (12-15 nm in diameter) myofilaments (Figure le) . These morphological features of rhabdomyogenic differentiation had never been observed in the mononuclear counterparts under standard growth conditions (Figure 1d) or after exposure to DMSO, HMBA and NaBut. The ultrastructural characteristics of the myotube-like giant cells observed after exposure to NMF, DMSO, HMBA and NaBut did not differ from those of their multinuclear counterparts under standard growth conditions (Gerharz et al., 1988) . Non-specific cytotoxic effects were excluded by the trypan blue exclusion test and by transmission electron microscopy.
Creatine kinase activity There was a statistically significant increase (P<0.05) in creatine kinase activity after exposure to polar compounds for 48 h when compared to the control (21 ± 4 mU per 106 cells). This increase in biochemical differentiation, however, proved to be reversible and the creatine kinase activity markedly decreased during the following days. After 120 h, only tumour cells exposed to NaBut (Figure 5 ) still exhibited a significantly (P <0.05) elevated level of creatine kinase activity whereas the creatine kinase activity of cells exposed to NMF (Figure 3 ) and HMBA (Figure 4) polar compounds markedly accelerated. The initial growth inhibition observed after exposure to NMF was compensated for during the following days and after 120h in culture, the cell density did not significantly differ between the control cultures and NMF-exposed cultures (Figure 3 ). In contrast, there was still a significantly lower cell density after 120h(P<0.001) in cultures exposed to DMSO (Figure 2) , HMBA ( Figure 4 ) and NaBut ( Figure 5 ).
Plating efficiency Exposure to DMSO, HMBA, NaBut and NMF reduced the plating efficiency of BA-HAN-IC tumour cells rather heterogeneously. HMBA proved to be most effective, whereas NMF was least effective. (See Table III Time in culture (h) Figure 3 Growth curves and creatine kinase activity of BA-HAN-IC tumour cells after exposure to NMF. Each value represents the mean ± standard deviation of five replicate experiments. The creatine kinase activity is shown as a percentage of the control. 48 h and 72 h after exposure to NMF, the creatine kinase activity is significantly different from the control (P < 0.05; Wilcoxon test for unpaired samples). The difference between the growth curves is statistically significant (P<0.001; analysis of variance with two independent factors). ck, creatine kinase activity; tD, mean doubling time; ncontrol, cell number in standard growth medium; nNMF, cell number in growth medium supplemented with NMF.
Discussion
The present study clearly demonstrates that DMSO, HMBA, NaBut and NMF are effective inducers of differentiation in our rhabdomyosarcoma cell line BA-HAN-IC, simultaneously inhibiting tumour cell proliferation. Nevertheless, the response of BA-HAN-IC tumour cells was markedly heterogeneous between the different polar compounds, probably indicating different mechanisms of action and signal transduction. Thus, the effects were most pronounced after exposure to NMF as evidenced by an increase in both biochemical and morphological differentiation and a significant increase in the proportion of terminally differentiated postmitotic myotube-like giant cells. In contrast, the effects of DMSO, HMBA and NaBut were exclusively confined to an increase in creatine kinase activity used as a biochemical marker of differentiation, whereas no increase in morphological differentiation was observed and the formation of terminally differentiated postmitotic mytotube-like giant cells even significantly decreased. A corresponding inhibition of myotube formation had already been reported for non-tumorigenic myoblast cell lines after exposure to DMSO, HMBA and NaBut (Miranda et al., 1978; Blau & Epstein, 1979; Fiszman et al., 1980; Endo & Nadal-Ginard, 1987 8x 10-6± 5 x 10-6 15x 10-6+ 4x 10-6 DMSO 3.4 1.5 23 20
x 106+ 5x10-6 7 x 10-6 5 x10-6 HMBA 3.6±2.5 6± 5 12 x 10-6+ 8 x 10-6 8 x 10-7+ 6x 10-7 NaBut 6.0 3.5 5± 4 20x 10-6± 11 x 10-6 8 x 10-7± 5x 10-7 NMF 1.8 0.8 959±363 6x 10-6± 3 x 10-6 83 x 10-6±33 x 10-6 Each value represents the mean ± standard deviation of five replicate experiments. After 120 h the ratio between the number of myotube-like giant cells and the total number of cells is significantly different from the initial ratio for all experimental groups (P < 0.001; analysis of variance with two independent factors; repeated measurements in one factor, i.e. time). * In 1/32 the growth area of the culture flask.
that the induction of biochemical differentiation by these differentiation inducers might be regulated independently from events leading to cell fusion and terminal differentiation. The mechanisms, however, by which polar compounds modulate cellular differentiation have not as yet been conclusively defined. NaBut has been shown to alter gene transcription by hyperacetylation of histones (Candido , 1978) or by interfering with DNA methylation (Christman et al., 1980) . Nevertheless, it is not yet known whether all the polar compounds exclusively act at the nuclear site altering gene transcription or epigenetically affect other cellular functions and structures such as glutathione metabolism (Bill et al., 1988) or cell membranes (Blau & Epstein, 1979; Meilhoc et al., 1986) . Therefore, differentiation inducers such as DMSO, HMBA and NaBut that induce biochemical differentiation, but block the formation of terminally differentiated myotube-like giant cells, could become useful tools in further elucidating the mechanisms involved in differentiation induction by polar compounds.
It is important to note that induction of biochemical differentiation during the first 48 h was always accompanied by a statistically significant inhibition of tumour cell proliferation. However, the acceleration of proliferation beginning 48 h after exposure to polar compounds (Figures 2-5 ) was accompanied by a marked decrease of biochemical differentiation as indicated by the decline of the creatine kinase activity. The way in which proliferation and differentiation interact with each other, however, is still poorly understood. Interestingly in this context, cells of our rhabdomyosarcoma cell line BA-HAN-IC could also be induced to differentiate only by exposure to FCS-depleted medium that did not support cell proliferation . These observations might suggest a genetic programme interacting between proliferation and differentiation of tumour cells, which is similar to that proposed for normal cells (Harris et al., 1986; Sachs, 1987) . This view is further supported by recent reports on the involvement of protooncogene expression in differentiation induction (Craig et al., 1984; Amatruda et al., 1985; Thiele et al., 1985; Mulder & Brattain, 1988) . In our own investigations, we could demonstrate that the protooncogenes fos and raf are implicated in the process of differentiation induction in our rhabdomyosarcoma cell line BA-HAN-IC after exposure to retinoic acid (Doehmer et al., 1989) . Further studies on biochemical and genetic levels are therefore in progress that should bring more insights into the regulatory events taking place in BA-HAN-IC tumour cells during differentiation induction by different types of differentiation inducers.
